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Thi fiventi-on relatës te photometric instru- 
ments and more particularly te photometric de- 
vices e,nploying matched pairs er modulated 
lamps, eper0Jted in a manner te enable quick and 
accui, ate measuremeïats of the reflection or trans- 5 
missioï charcteristics of a sample reiative te a 
standard. 
Most of the prier devïces for the measurement 
of light according te  modern scientific knowledge 
are based on the principle oï producing a beam l0 
of light, and splitting and modulating the beam 
by optical or mechanical means belote or after 
splitting. Such deVices are costly and require a 
high degree of technical perfection in construc- 
tion nd opm'ation. OEïaey rail te answer the con]- 15 
mercial requirement for re]atively simple and in- 
expensive irmruiîents permitting speedy and' sc- 
curate nleasurements of light characteristics. 
it is the object of the present invention to pro- 
vide such instruments. .0 
For this and other objects of the invention 
which in part. are obvious and in part will ap- 
pear hereinafter i supply a matched pair of 
modulating lamps with direct current frein a 
common source, augmented With alternating cur- 25 
rent rom a common source, whereby alternat- 
ing current of opposite phase is supplied te each 
lamp. Generaily, incandescent lamps, gaseous 
discharge tubes, or fluorescent lamps are useful 
ïor the hereh]disclosed purpose. The effect of 30 
this arrangement is te produce a light in each 
]arnp which rises and fals with the alrnating 
component o the impressed voltage; in such a 
way that the light frein one larnp is rising while 
the light of the other lamp is fal]ing and vice 5 
versa. If light frein one lamp is directed et, say, 
a surface of a given optica] value and light frein 
the other ]amp et an idèntical surface, and if the 
combined light refleeted frein the wo surfaces is 
ruade te illuminate the phooelectric tube of an 40 
arrangement compriing a  photoelectriC tube, an 
amplifier and, say, an osciil0scope for detecting a 
signal, the photoelectric tube will respond te the 
integrated sure of light refleced frein both sur- 
faces. If, in accord with the above premise, the 45 
two sul.îas are identicl , tey will exacty 
fieci the alternate risWand fall in the light 
emited frein the lamps and no signal Wil'i enue, 
since the sure total' of the light impinged upon 
the photoelectric tube is cOnstant However, if 50 
the ligit reflëcted b; onë oJ the surfaces differs in 
intenSïty frein the light eflected by the other 
surface, the photoelectrïc tube will register a near 
giusoidal lïicker of the  ame' frçqueney as the 
ïltflating currn't cornponent impresed upon 55 
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the incandescent lamps and the oscilioscope will 
indicate a signal and the phase of the signal, de- 
pending upon whïch of the two surfaces reflects 
with greater intensity. If the two surfaces are 
revrsed in theiç position, a signal of the saine 
frëquency but of opposite phase will be detected. 
nother way of obtaining differences in the in- 
tensity of refiected (or transmitted) light is in- 
deperdent of the óptical characteristics of the 
two samples and consists in Unbalancing he two 
light  beams belote they strike he samples. This 
witl occzuc when he two lamPs are net evenly 
matched and can be reudily accomplished with 
matched i.ncandescent lmps through the dim- 
ming of one of the light beams by inserting, say, 
a standard, density wedge into the beam. Con- 
versely, any unbalance in reflected or trans- 
mitted lighç of two samples, caused by an optical 
differencë between the two samples, can be meas- 
urably eliminated by dimming the beam striking 
the lîghter.of the two samples. 
The mehod of using an instrumenter this type 
foi" measuring optical characteristics, for ex- 
ample the light reflectance of a sample in com- 
parison with a standàrd, is te place the sample in 
a tgh of light emittëd frein one of the two lamps, 
plae the standard in a path of lighç frein the 
othr tamP, Observe by means of fhe oscilloscope 
whether or  no here ïs unbalance between the 
light reflected frein the sample and the light re- 
flected fr0m the Standard, as well as the direc- 
tion of the unba]ànce, and then attenuate he 
beam diected et the sm'face of higher reflec- 
tance. The degree of attenuation provides a di- 
rect measurement of the amöunt of light re- 
fïectd.by the sample in terres of light reflected by 
the sfan.dard. 
insëaoE of manuaily attenuating one of the 
eams, the ins:trument can be auomaticaily bal- 
aned by couping the atenuating member, 
wh.ich can be a standard density wedge, or a set 
of poiarolds, or a mechar/ial attenuating device, 
tò a universai motor which is actuated by the am- 
plified Sfisoïda.1 signais geneçaed in the photo- 
electri ube-Whenever there is optical\mbalance 
betwee]i the saïnp]e and the standard. According 
te another embodiment of fihe invention, the in- 
strunïent is set up in such a manner that the 
signal gner«ted by the photoelectric tube, after 
having been amplified, is used as the source sup- 
plying the alternating current component of the 
volZage actuating the two incandescent lamps. 
Eithr .modîïïcations has the advantage of pro- 
viding a nutl methOd for the testing, of optical 
characteristics. 
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leferring fo the drawing, Fig. 1 represents one 
embodiment of my invention which is autemati- 
cally adjustable. Fig. 2 shows a modified form 
which is manually adjusted but where the alter- 
nating component of the voltage supp!ied fo the 
lamps is derived from the amplified signais gen- 
erated in the photoelectric tube- 
Fig. 1 shows two incandescent light sources | |, 
 2, consisting of lamps having fine wh'e tungsten 
filaments enclosed in an inert, high heat con- 
ducting atmosphere, such as hydrogen, )vhereby a 
rate of cooling is attained which is desirable fo 
provide modulation of suiïicient magnitude. The 
lamps are connected fo an energy source, con- 
sisting of a transformer |4, the primary |5 of 
which is connected fo, say, a II0 volt A. C. power 
line. By means of a circuit including the resis- 
tors |G, |7, the two lamps are connected in series 
across the transformer secondary |8 and fo one 
terminal of abattery |5, the other terminal of 
which is connected to a fixed center tap 20 of the 
transformer secondary. In order fo achieçe c!ean 
electrical modulation it is important fo select the 
transformer and the battery in such a manner 
that the peak voltage of the alternating current 
in the transformer secondary does hOt substan- 
tially exceed the voltage of the direct current 
from the battery. Thus, a power source compris- 
ing a 6 volt battery and a transformer delivering 
alternating voltage from 0.4 fo 1 volt has been 
found satisfactory. The arrangement causes the 
two ]amps fo share equaily and simultaneously 
the direct current from the battery, but ira- 
presses them with opposite phases of alternating 
current. 
One suitable optical system comprises the coi- 
iector lenses 30, 3| and the slit platês 32, 33. At 
least one of the two slit plates is provided with a 
slit adjustment 35 fo balance the light from the 
lamps. Such balancing may be requlred if, be- 
cause of slight differences in the color tempera- 
tures of the lamps, an adjustment of the resistors 
|G, |7 had fo be made. Additional parts of the 
optical system are the objective ienses 3G, 37 
which serve fo focus an image of the slit at the 
rear wall of an integrating sphere 60, which is 
entered by the light beams through the ports 6 , 
G2. A photoelectric tube 75 is piaced adjacent fo 
another port G3 of the integrating sphere. The 
signals' generated in the photoe]ectric tube are 
amplified by means of a voltage amplifier G5, a 
power amplifier G| and a phase control network 
G2. The amplified signals are used fo operate an 
oscilloscope G3 and are fed fo the armature cir- 
cuit of a universal motor G4 which has a fieid 
winding G5 and which is coupled fo a circular 
standard density wedge 90, constituting the pho- 
tometering element. The wedge is positioned in 
the path oî light passing Ïrom one of the slit 
plates, preferably in the path of light Ïrom the 
slit plate 32, and is provided with a per cent scale 
ai the margin and with a fixed pointer 9 |  scale 
and pointer being arranged fo cooperate with 
each other in such a manner that the wedge is 
turned to transmit the maximum amount of light 
when the pointer coincides with the i00 per cent 
mark and no light when the pointer coincides 
with the zero mark. In this form of my in,en- 
tion, if, for example, the instrument is equipped 
with standard white refiecting surfaces in the 
ports G, G5 of the integrating sphere and áfter 
a transparent or translucent sample has been 
inserted in the port G2 of the integrating sphere, 
the angular adjustment of the standard density 
wedge which causes optical balance is automati- 

4 
cally effected in accordance with the phase of the 
signals generated in the photoelectric tube. 
The electrical impulses impressed upon the 
lamps are exactly opposite at balance and cancel 
5 each other out. However, since there is a slight 
iag in the heating and cooling of the filaments, 
even at balance the photoelectric tube is hot im- 
pinged with a steady and uniform amount of 
iight, but with a minute fiicker which is regis- 
I0 tered as a low amplitude sinusoidal signal of 
higher, probably twice the frequency of the al- 
ternating current component supplied fo the 
lamps. Any diiïiculties which may be caused by 
this signal, speci'fically in the determination of 
15 the point of balance, can be readily overcome by 
using a tuned voltage amplifier in lieu of the 
amplifier G0, or by a voltage amplifier with filter 
network. 
The foregoing embodiment represents a new 
20 and improved null type instrument which is use- 
ful for measuring densities of transmission, den- 
sities of refiectance, per cent transmittance and 
per cent refiectance. 
The modification shown in Oig. 2 comprises a 
°-5 monochromator (an optical system capable of 
producing monochromatic light). Arrangements 
can be marie for this purpose whereby light from 
each of the sources ||, |2 passes through a sep- 
arate dispersing prism, but I find if more practi- 
30 cal fo provide a single prism 4{} which, being 
polished on three sides, is adapted fo disperse 
iight coming from both sources. The dispersed 
iight emerging from adjacent sides of the prism 
i brought fo focus by the lenses 42, 43 fo form 
35 images of the slit 32, 33 ai the apertures 44, 45. 
For the purpose of obtaining light of identical 
wave iengths from both sources, these apertures 
must be accurately positioned and must e mova- 
ble toward each other to obtain monochromatic 
40 iight in the violet region of the spectrum, and 
away from each other to obtain monochromatic 
iight in the red region. I find a differential screw 
arrangement useful for instigating the respective 
movements. The arrangement consists of two 
45 screw bushings 48, 49 having, infernal threads of 
opposite pitch, each being attached to the base 
of one of the apertures. The apertures are slid- 
ingiy fastened to an horizontal rail 4G. A screw 
shaft 47, having two external threads of opposite 
5o pitch, is rotatably positioned o engage the afore- 
mentioned screw bushings. The arrangement 
facflitates the attachment of a scale indicating 
the selected wave length. For some applications 
it might be more desirable to reverse the location 
55 of the wavelength selecting apertures 44, 45 and 
the slits 32, 33. 
By means of the objective lenses 56, 57 beams 
of monochromatic light of identical wave length 
are directed toward an integrating sphere G0. 
60 Prior fo reaching the integrating sphere the two 
beams are plane polarized by means of a coin- 
mon polarizer |9, consisting, according fo the 
present embodiment, of a polaroid sheet. In- 
dividual ana]yzer elements are provided for the 
65 two beams. The analYzer I01 is adjustably 
positioned with respect to the polarizer so as 
to produce light of the desired maximum in- 
tensity, while the analyzer |G2 is rotatably 
mounted and provided with a pointer |03, af- 
70 ranged to cooperate with a suitable scale |54 in 
such a way that the maximum amount of light 
is transmitted when the pointer coincides with 
the 100 per cent mark on the scale. 
The amplified output ïrom the photoelectric 
75 tube 10, after passing through appropriate phase 
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and frequency control circuits Sa, a| and 
is connected to the primary coil |§ of the trans- 
former 
One use of this embodiment of my invention 
is to compare surface reflectances. If a stand- 
ard and a sample are inserted in the ports 
and 6, respectively, of the integrating sphere 
and if the standard and the sample are optically 
the saine, no signal is generated in the photo- 
electric tube since the sure of the light impinged 
upon the latter is constant and uniform. In 
the absence of a signal from the photoelectric 
tube there is no voltage transmitted to the trans- 
former primary. Consequently, there is no in- 
duction in the transformer secondaryand only 
a supply of direct current from the battery, pro- 
ducing unmodulated, uniform light in both lamps. 
However, I find that optical differences be- 
tween the standard and the sample causes os- 
cillation of the lamps and the following is a 
description of what is believed fo take place. 
Assuming that the sample which is optica]ly 
identical with the standard is replaced by an- 
other sample which has a lower reflectance af 
the particular wave length employed, the photo- 
electric tube wfll immediately register the dif- 
ference in the sure of integrated light and gen- 
erate a signal which, after amplification, will 
create a surge of current in the primary coil 
of the transformer |4. Depending upon the 
phasing of the circuit, the surge of induced cur- 
rent in the transformer secondary will add to 
the direct current supplied fo one of the two 
lamps and increase the light output of this ]amp, 
while, at the saine rime, the surge of induced 
current will subtract from the direct .current 
supplied fo the other lamp and thereby de- 
crease the light output thereof, or vice versa. 
For practical pufposes the phasing is advan- 
tageously regulated in such a manner that the 
signal increases the light output of that lamp 
which furnishes i!lumination of the sample. 
Accordingly, if the lamp |2 brightens for an in- 
stant in response fo the initial signal, the photo- 
electric tube generates another signal which 
causes another surge of current in the trans- 
former coils. Since this second surge of cur- 
rent is of the saine direction, the output of lamp 
|2 increases still further and this process is re- 
peated until a natural or imposed limit is reached. 
Limitations in the light output may be due to 
a variety of causes, such as the particular de- 
sign of the amplifier, or the characteristics of 
the vacuum tubes. Upon reaching the limit 
there is, for an instant, no change in the com- 
bined reflected light. No signal will be gener- 
ated by the photoelectric tube and the induced 
current will drop fo zero so that again only 
direct current will be supplied fo the lamps. 
The change in the ensuing light level of the 
lamps generates a new signal in the photoelec- 
tric tube, this rime, however, in the direction 
opposite fo that of the preceding signals. The 
prior phase build-up is repeated, but in the re- 
verse direction, so that now the light output of 
lamp |  increases and that of lamp |2 decreases. 
The result of these successive phase build-ups 
is an oscillation of the lamps. Under the as- 
sumed condition of phasing, the oscillation takes 
place whenever there is optical unbalance in 
fayot of the standard; that is, when the re- 
fiectance of the standard exceeds the reflect- 
ance of the sample or, should sample and stand- 
ard be optically alike, when the light striking 
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the standard is more intense tha-n the light di- 
rected at the sample. 
The frequency of the oscillation depends upon 
the particular circuit or circuit elements. Itis 
5 of importance only insofar as the hot lamp fila- 
ments must bave rime to cool suiïiciently to 
register the required differences in voltage. 
Ordinarily, no deliberate frequency control ap- 
pears fo be necessary. 
10 By rotating the Polaroid |a2 the intensity of 
the beam from lamp |2 can be measurably di- 
minished until balance is attained and oscilla- 
tion of the lamps ceases. Theoretically, a fur- 
ther decrease in the illumination of the stand- 
15 ard or the use of a. standard having a lower 
reflectance than the sample should oppose os- 
cillation of the lamps. When practicing my in- 
vention I find tha% oscillation is absent as long 
as the unbalance is small. However, if the un- 
20 balance becomes great, oscillation commences, 
ai an overtone frequency, probably due fo an 
overloading of the vacuum tubes. 
in the foregoing I bave illustrated a new and 
improved null type spectrophotometer. Without 
25 departing from the scope of the present inven- 
tion, the principle thereof can be applied to 
other instruments, such as colorimeters or den- 
sitometers. 
I claire: 
30 1. In combination, two sources of- modulated 
light, a transformer, circuit means including 
current limiting resistors, connecting the said 
light sources in series across the transformer 
secondary, a supply of unidirectional current 
35 connected fo the said light sources and fo a cen- 
ter tap of the said transformer secondary, a 
photoelectric tube placed fo receive combined 
light from the said sources, an optical system 
between the said sources and the said photo- 
40 electric tube arranged to direct light from the 
said sources at the said photoelectric tube, 
means allowing measurable attenuation of light 
passing from af least one of the sources, means 
for amplifying signals generated by the said 
5 photoelectric tube and means for detecting such 
inals. 
2. In combination, two sources of modulated 
light, a transformer, circuit means including cur- 
rent limiting resistors, connecting the said light 
50 sources in series across the transformer sec- 
ondary, a supply of unidirectional current con- 
nected to the said light sources and to a center 
tap of the said transformer secondary, a photo- 
electric tube placed fo receive combined !ight 
55 from the said sources, an optical system between 
the said sources and the said photoelectric tube 
arrange fo direct light from the said sources ai 
the said photoelectric tube, means allowingmeas- 
urable attenuation of light passing from at !e,st 
6O one of the sources, means for amp!ifying signals 
generated by the said photoelectric tube, and a 
circuit for applying the amplified signals fo the 
primary of the said transformer. 
3. In combination, two sources of modulated 
65 light, a transformer circuit means including cur- 
rent limiting resistors, connecting the said light 
sources in series across the transformer sec- 
ondary, a supply of unidirectional current con- 
nected to the said light sources and to a center 
70 tap of the said transformer secondary, a photo- 
electric tube placed fo receive combined light 
from the said sources, an optical system between 
the said sources and the said photoelectric tube 
arranged fo direct light from the said sources af 
75 the said photoelectric tube, means allowing meas- 
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urable attenuation of light passing from one of 
the sources, means for amplifying signais gen- 
erated by the said photoelectric tube, and a re- 
versible electric motor actuated by the amplified 
signals to bring about balance of the light im- 
pinged upon the photoelectric tube by adjusting 
the said attenuating means. 
4. In a photometric apparatus comprising an 
optical system directing one beam of light at a 
standard and another beam of light ata sample, 
a photometering element inserted in the path of 
at least one of the beams, means for mounting the 
sample and the standard and for integrating 
light passing from them, a photoelectric tube 
positioned to receive said integrated light, means 
for amplifying the signals generated by the said 
photoelectric tube in response to changes in the 
intensity of the integrated light, and means for 
detecting such signals and the phase of the sig- 
nais, the improvement which comprises two sub- 
stantially identical sources of modulated radiant 
energy in the visible part of the spectrum to pro- 
duce the said beams of light, a transformer, cir- 
cuit means including current limiting resistors 
connecting the said sources of radiant energy in 
series across the transformer secondary, and a 
supply of unidirectional current connected to the 
said sources of radiant energy and to a center 
tap of the said transformer secondary. 
5. In a photometric apparatus comprising an 
optical system directing one beam of light at a 
standard and another beam of light at a sam- 
ple, a photometering element inserted in the path 
of at least one of the beams, means for mount- 
ing the sample and the standard and for in- 
tegrating light passing from them, a photoelec- 
tric tube positioned to receive said integrated 
light, and means for amplifying the signals gen- 
erated by the said photoelectric tube in response 
to changes in the intensity of the integrated 
light, the improvement which comprises two sub- 
stantially identical sources of modulated radiant 
energy in the visible part of the spectrum fo 
produce the said beams of light, a transformer, 
circuit means including current limiting resistors 
connecting the said sources of radiant energy 
in series across the transformer secondary, a sup- 
ply of unidirectional current connected to the 
said sources of radiant energy and to a center 
tap of the said transformer secondary, and a 
circuit for applying the amplifled signals to the 
primary coil of the said transformer. 
6. In a photometric apparatus comprising an 
optical system directing one beam of light af a 
standard and another beam of light at a sample, 
a photometering element inserted in the path of 
one of the beams, means for mounting the sam- 
ple and the standard and for integrating light 
passing from them, a photoelectric tube posi- 
tioned fo receive said integrated light, means for 
amplifying the signals generated by the said 
photoelectric tube in response to changes in the 
intensity of the integrated light, and driving 
means for the photometering element actuated 
by the amplifled signals, the improvement which 
comprises two substantially identical sources of 
modulated radiant energy in the visible part of 
the spectrum to produce the said beams of light, 
a transformer, circuit means including current 
limiting resistors connecting the said sources of 
radiant energy in series across the transformer 
secondary, and a supply oï unidirectional current 
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connected to the said sources of radiant energy 
and to a center tap of the said transformer sec- 
ondary. 
7. In a photometric apparatns comprising an 
5 optical system directing one beam of light at a 
standard and another beam of light ata sample, 
a standard density wedge inserted in the path of 
one of the beams ïor measurably attenuating the 
beam, a sphere having ports for mounting the 
lO sample and the standard and for integrating 
light passing ïrom them, a photoelectric tube 
positioned adjacent to another port of said sphere 
to receive said integrated light, means for ampli- 
fying the signais generated by the said photo- 
15 electric tube in response to changes in the in- 
tensity of the integrated light, and a reversible 
electric motor actuated by the amplifled signals 
fo bring about balance of the light impinged 
upon the photoelectric tube by adjusting the de- 
20 gree of attenuation caused by the said standard 
density wedge, the improvement which comprises 
two substantially identical sources of modulated 
radiant energy in the visible part of the spectrum 
to produce the said beams of light, a transformer, 
25 circuit means including current limiting resistors 
connecting the said sources of radiant energy in 
series across the transformer secondary, and a 
supply of unidirectional current connected to 
the said sources of radiant energy and to a cen- 
30 ter tap of the said transformer secondary. 
8. In a photometric apparatus comprising a 
common monoctn'omator for two substantially 
identical beams of light, means for passing mono- 
chromatic light of a selected wave length from 
35 one of the beams at a standard and mono- 
chromatic light of the same wave length from 
the other beam at a sample, means for varying 
the wave length of the beams of monochromatic 
light from one end of the spectrum to the other, 
40 a photometering element inserted in the path of 
at least one of the said beams of monochromatic 
light, means for mounting the sample and the 
standard and for integrating light passing from 
them, a photoelectric tube positioned to receive 
45 said integrated light, means for amplifying the 
signals generated by the said photoelectric tube 
in response to changes in the intensity of the 
integrated light, the improvement which com- 
prises a matched pair of incandescent lamps to 
50 produce the said two substantially identical 
beams of light, a transformer, circuit means in- 
cluding current limiting resistors connecting the 
said incandescent lamps in series across the 
transformer secondary, a supply of unidirectional 
55 current connected to the said incandescent lamps 
and to a center tap of the said transformer sec- 
ondary, and a circuit for applying the amplified 
signais to the primary coil of the said trans- 
former. 
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